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TRANSGENIC GRASSES 



The present invaition relates gencndly to ti^^ 

same. More particularly, the present inventi<m is direct^ 

ffoap Aionoeoiyledoneae. The tnmsgouc grass of the present invention erfubits the 
potential to express a range of beneficial traits sudi as reduced alkig^ 
10 nutritional content and increased disease resistance. 

BiUiogrq)hic detaUs of the publications numerically refened to in this q)ecification are 
collected at the end of the description. 

15 Throughout this ^deification, unless the comext requires odienvise. the word 
"comprise", or variations sodi as "comprises" or "comprising", wiU be understood to 
imply the inchision of a stated dement or mtcger or group of elem^ 
not the exclusion of any other element or integer or group of elements or integers. 

20 The rapidly increasing sophistication of recomUnant DNA techniques is greatly 
fecilitatmg the research and developmem of a range of Wotechn^ 
The agricohural industry has been a particular benefidaiy of recombinant technology 
eqwcially in crop inqwovement and in floticuhure. 

25 Grasses are one of the most hnportant agricuhural plants in the worid. 

Plants of the group M»«K:oOrf«We (plants of this groiv are herd 

as a "Monocots") are particularly important and indude members of the ftmily Poaceae 

(Gnmrineae) such as food crops (for exampte maiie, wheat, rice) and fim«e giasw 
30 c««D«Ple.Xo/i««^Fe««caandZ)«0*if).Theyare,h 

wvirr»andtogeneticallytransfoim(Potrykus, 1990; 1991). Direct DNA mjection into 
young flonU tiUers and systems involving a mixture of poUen and exogenous DNA to 
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obtain genetic transfonnalion ((%ta, 1986) have not proven genendly qyplicabie in 
monocots. 

Transfer of foreign genes into plants using Agrobacterium tumefaciens is routine for 
S many dicotyledonous (dicot) plants. However^ this procedure is not routinely applicable 
in monooots (De Cleme and DeLey, 1976). One reason for tiiis may be die way 
monocot plants respotiA to wounding. In dicots^ the cells adjacent to wounding de- 
differentiate and, after incoiporating the plasmid DNA, are inducable to form 
regenerable callus tissue. However, in monocots, woumiing leads to tibe deadi of the 
D wound-adjacent celk making infection very difficult (Potrykus, 1991). There is a need, 
ttierefofe, to develop suitable protocols for transfonning cells of monocot frfants wifli a 
capacity to r^enerate into ^lole plants. 

Direct gene transfer into protoplasts usng dectroporation or polyethylene glycol has 
5 been successful in regeneratioa of cereals sudi as rice (Rhodes et al, 1988) and 

(Shinuunoto et al, 1989). However, tfiis method has only been successful in a few 
cultivars of tfiese crops and reg«eration of cereal plants from protoplasts q>pears to be 
strongly genotype and culture dependent In case of rye grass (Lolium multiforum)^ 
confirmed stably transformed callus clones from protoplasts have been otoined using 
) neomycin i^oq[>hotransferase (iq>t II) chimeric gene constructs. However, plants could 
not be r^enerated from these calli (Potrykus et al^ 1985). 

Regeneration of plants fma single ceUs or protoplasts is essential in the genetic 
manipulation of plants using direct gene transfer tedmology. 

J 

Ri^eneration of plants frcmi non-transformed callus colonies doived from protoplasts 
have been rqx>rted for the monocot forage grasses, Lolium and Festuca arundinacea 
(Dalton, 1988a;b), however, sach systaaas are generally not cocunerdally qiplicable. 
Genotypic variation (Dale, 1980; Lorz et al, 198S) is also a particular problem in 
) outbreeding spcdes such as commonly occurring ryegrasses because each seed-derived 
onfaryo possesses a unique genotype. It has been shown that standard culture conditions 
to induce embryogenesis are not optimal for every genotype (Dale, 1980). In addition. 
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piotoplast and cell su^)ension colonies of Lolhm lines fonned virtually only albino 
shoots (Dalton» 198Sa;b) hi^lighting the difBculty of obtaining fimctional regenerated 
plants. 

S Thus, Ae generation of plants fiom cells represents a significant fiirtfaer problem m Ae 
production of geneticaUy transfonned plants ixdlfa desiiaUe ch^ Inaddition» 
selection of transfonnants is often difiBcult snce nonrtransfonned cells are frequently 
resistant to the selectira agents now commonly employed. 

10 Use of micn^jectile bombardment allows reooveiy of tran^enic plants widM>ut tibe 
ccMistraints of protoplast culture and Agfixfhacicriwn host-specificiQf. Microprojectile 
bombardmrat employs high velocity metal pardcles to deliver Mologically active DNA 
into plant cells. The conoqit was first described by Klein et al (1987) and has become 
a successful DNA delivery method in a number of plants. 

15 

However^ de^ite its apparent success^ ttie technique has not until die advent of the 
present invration» been routinely successful in a broad range of monocot grasses. 

As stated above, monocot grasses are important agriculturally both at the commercial 
20 and environmental levels. Grass pollen, on the odier hand, is a significant contributor 
of respiratory disordors such as hayfever and odwr alleigies widi concomitant nmjor 
downstream healtfi costs induding lost producticm time. 

There is a need, tfncfiwe, to devdpp genetic transfonnatioa and |dant reyncration 
25 systems for monocols and in particular monocot grasses so that these jriants can be 
generally manipulated to inlw>duce beneficial traits or to ledi^ 
In acccmlance wifli the present invention, an effective transfionnaticm and r ^e ng ati on 
system has been developed for monocot grasses by die inventor permitting die 
production of tran^enic forms of diese plants. 

30 
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Accordingly, one aspect of the present invention relates to a transgenic monocot grass 
exhibiting at least one altered characteristic whoi conq)ared to a non-transgenic 
monocot grass of tfie same sq^es. 

5 

More particularly, the present invention is directed to a transgenic nxmocot grass 
exhibiting at least one altered characteristic iwfaen compared to a ncm-tran^mic numooot 
grass of die same species v^erein said transgenic monocot grass is i^enerated from a 
callus wtoein cells of said callus are subjected to micropartide bombardment and/or 
10 i4j;ro6acrerjfiiff-mediated transfer of genetic material responsible for said alteral 
characteristic. 

Even more particularly, tiie present invmtion provides a transgenic monocot grass 
exhibiting at least one atteted cfaaractaistic i^tten Gcxiq^^ 
IS grass of the same species wtoein said transgenic monocot grass is r^enerated from a 
callus wherem cdb of said callus are subjected to micropartide bombardment and/or 
Agrobacterium-tac^atad transfer of genetic material leqxmsible for said ahered 
characteristic and in^ierein the callus is subjected to genetic transformation and 
regeneration <m a solid suppcHt. 

20 

In accordance with these aspects of the present invention and further aspects described 
and disclosed hereinafter, preferred ahered characteristics im:lude but are not limited to 
ahered biochemical or physiological proporties, altered nutritional iHop^es of tiie grass 
or seeds thereof and altered aUergenidty of die grass or its seeds or pollen. Fcm- 
25 example, characteristics conten4>lated herein include, but are not limited to, tiie 
followiiig: 

(a) resistance to plant pathogens; 

(b) improved nutritional value such as increased protein content or lower lipid 
30 content in grass seeds; 

(c) enhanced sulphur content; 

(d) enhanced expression of protdnase inhibitors; 
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(e) oqxression of pigment genes; 

(0 expression of regulatory genes to control indigenous genes; and 
(g) reduction in levels of allergenic proteins in» for eacample, pollen. 

5 An **altml characteristic'* is readily determined by craipariiig a transgmic monocot 
grass vdth a non-transonic grass of die same apedes. The comparison may be at die 
UochemicaU i^iystological or visual level. 

A monocot grass of Ae presoit invwdon includes any grass fidling vnibin die migor 
10 subfamilies, namely die Bambasoldem uriiidi mdudes bamboo, AmmUnoidem vM€ti 
inchides pampas grass and reeds, Pooideae vMA includes oats, barley, rye, wheat, com 
and die forage grasses fescue (Festuca) and ryegrass {Lolium\ CMi^idoideae which 
includes millet, f e( Nfitchell grass, Rhodes grass, Bennuda grass and Kallar grass and 
Pa n i c oidea e i^rfdch includes soigiiuni,^ maize,. Surinam grass^ Pangnbi gr ^^ ^vfM grass, 
IS Bahia grass, sugar cane and Vetiver grass. Aldiough die present invendcm is described 
and exenqdified herein m reladon to ryq;rass, die tedmiques of tiansfixnnation and 
regeneration are broadly qiplicable to any of die grasses as contm^lated above. In a 
preferred embodiment, the presmt invention does not extend to barley, v/beat or com. 

20 In a pardculariy jmferred embodiment, die present mvention ccmtemplates a transg«ic 
plant having altered characteristics by die iiitroducdcm of iKMKindig^ A**ni»i* 
indigenous" DNA is one not normally readent in die plant b^are transformadon or is 
not mmnally present in more than one ccq)y. A furdiercopy of anindignousgeneor 
gmedc sequence may be introduced for die purposes of co-suppression. A non- 

25 indigenous gene is also refened to as a fcnreign gene and mchides genedc sequences 
classicaUy correqpKmding to a ''gene'' or a part dneof cn^ inq^ 

whidi in some way effects a diange in the Iran^enic plant Exanqilesof foreign genes 
include: 

30 (a) a resistance gene against plant viruses, bacteria, fungi, nematodes and odier 
padiogens; 
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(b) a gene to improve nutritiwial value ofplants such as sunflower hig^ 
SF8; 

(c) a bloat resistance gene; 

(d) an antibo<fy gene (also referred to as a "plantabody"); 

(e) a cereal thionin and ribosrane inactivating protein gene; 

if) an insect resistance gene includiogBTtcBdn gene and proteinase inhilntor gene 
from Nicotiana alata; 

(g) a selectable maiiKr gme such as those omferring resistance to kanamydn, 
phosphinoduidn, qMCtinranycin and hygromycin; 

(h) a npotta gene such as GUS, CAT and pigment genes; 
a gene encoding a regulatory protdn whidi modulates eiqmssion of a gne in 
plant cells; 

genetic sequences f<v co-si^iiHession (»r having antisense pnqjeities; and 
15 (k) genetic sequences for reducing expression or transtetion of aBergenicprotems 
such as Lot proteins including but not limited to Lolpl, Lolpll, ZoipIU. Zo^tlV. 



10 



20 



30 



(i) 
0) 



The genetic techniques of the present invention also contempfaite modified plants having 
indigenous genetic sequences deleted or otherwise mutated. For convenience, such a 
phmt is enoonqnssed hereby by the term "transgenic" m relation to monocot grasses. 
Such a transgenic monocot grass includes grasses having reduced or modified allergenic 
proteins such as Zoijpl, Lolpn^ LotpUi, LolpTV, LolpV, LolpJX or LolpXl. 

25 Another aspect of the present invention contemplates a method for producing a 
transgenic monocot grass, said method comprising deriving caUus from amonocot grass 
and subjecting same to microparticle bombardment and/or Agrobacterium-me^ated 
genetic transfer and then placing said caUus under conditions sufficient to permit 
regeneration of said callus into plantlets. 



More particutarly, the present invention is directed to a method for producing a 
transgenic monocot grass having at least one altered characteristic compared to a non- 
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transgmic monocot grass of the same species^ said method conqnising obtaining callus 
from a monocot grass on a solid siqyport, introducing into cells of said callus on said 
solid support graetic material effecting said altered characteristic via microparticle 
bombardment and/or Agrobacterbm mediated transfer, sulgecting said callus to selecticm 
5 conditions and then subjecting callus to r^eneration oonditioiis to form plmtift? 

In a particularly prefisxed embodiment, the selection conditions cof^irises antibiotic or 
diemical resistance where a gene encodmg resistance is on the introdnced genetic 
sequence or vector carrying same. Most preferably, tiie selection conditions comprise 
10 resistance to at least two antilriotics or at least one antiUotic and at least one chemical 
agent 

Prefierably Ae callus is prqpared from mature and/or developing embryos obtained from 
seeds. More prefierably tfie callus is grown on a calhisinducticm medium w^ 

IS on that of Murashige and Stoog (1 992) [MS medium] but contains 2,4-dichloropheiiray 
acetic add (2,4D) m a range from about 1 to about 10 mg/L, pr^arably about Smg/L, 
L-asparagine (at about 15Qmg/L) or equivalent amino add or chemical «tity and 
preferably thiamine HCl (at about 0.5 mg/L) or equivalent The medhmi may also 
contam MS medium mmerals and/or, in a particularly preferred embodiment, potassium 

20 iodide or equivalent cht functional analogue at 0.83 mg/L. 

Preferably, ^ cells sdected for transformation are ibc healdiy cdls on the caUus and 
this is fedlitated by excision of the embryo and adjacent cells. More preferably, the 
heatthy cells are selected for transfinmation at an age of between 1 to 10 wedcs, more 
25 Inferably 3 to 6 weeks and most prefierably at about 4 weeks old. A particular 
advantage of the present mvoition is that ttie gez^c transfier and regeneraticm is 
conducted with the callus on solid medium such as agar and/or filter papa, A 
suspension culture is not first prepared as commonly occurs in the prior art 
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The callus is generally from cells which have been either directly or indirectly obtained 
fix>m the monocot grass tissue. This may be firom emt^o tissue, root, shoot ingliMimg 
leaf tissue and inflorescence tissues. Prefierablytiie callus is derived fiom mature and/or 
5 developing embryos or seeds. 

Preferred monocot grasses include forage grass such as but not limited to ryegrass 
Lolhm (ry^grassX Agaropyron. Pfudaris, Poa, Fesiuca, Dadylis, Aleopecuris and 
PMeum. 

10 

Genetic material contmplated hmin include vectors suitable for introduction into cells 
byinicroparticleb(mibardmentaiid/c»:i4gm6acrmtm AMiou^ 
Agrobacteriwn mediated transformation on its own has yet to be widely used in 
monocots, in accordaix:e with die present invendon, the combination of miciopartide 
IS bombardmmt and Agrobmierium mediated transfinmaticm is ccmtemplated to be 
particularly usefid as well as mim>pardde bombardment on its owil Suitable vectors 
will be well known by tfiose sIdUed in tiie art and are described, for example in Croy 
R.R.D. (Ed) Plant Molecular Biology, Bios Sciendfic Publications, Blackwell Scientific 
Publication (1993). 

20 

A pardculariy useful vector for microparticle bombardmoit is pBIN19 or related vector 
or a pUC-based vector such as pUClS or pUC19 or equivalent or functional analogue. 

Preferably, the genetic material effects a reduction in levels of ryegrass pollen allergens 
25 such as Zo/pl, Lolplh Lolpm, LolplV, LolpV, LolplX or lo/pXI (see, for example. 
International Patent Application No. PCT/AU89/00123). 

Where the selectable marker encoded by the construct confers resistance to an antibiotic 
it preferably encodes resistance to a class of antibiotics. This feature allows selection 
30 with two or more antibiotics which is a particularly preferred feature of die present 
inventiorL This provides a way of overcoming the problem of untransformed plant ceUs 
being able to grow on the selected medium. For example, the construct may encode the 
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gene for neomycin phoq^transferase, npt n,or other antibiotic resistance gei^ sudi 
as hygromycin resistance, aph 3'II or aph TV amongst others. Preferably, tibe gene is 
coupled to an appropriate promoter such as pEmu, Ubi I, Act I or the CaN4V 3SS 
promoter. 

Where neomycin i^iosidiotFansfiBrBse is encoded by Ae construct, flien generally 
kanamycin and geneticin are used in tfie selection medium. Prefi»bly,tfiese antibiotics 
are present in the amount 15 to 50 mg/L kanamycin and 15 to 50 mg^ genetidn. 

A fiirtfaer aq)ect of tfie present invendcm oontem|datesametfaod of rq^enerating monocot 
grass idants firom transformed plant cdls, said method comprising contacting cdls on a 
solid support upm iiAich said cdls are stdgected to transformadon means on a medium 
and under a pp ro p r i ate oondidcms and time ^^(iierein said mediimi ocmtains shooting and 
rooting honnones and then cuburiiv die resultant dioots on a wm^***^ in the nKmicf of 
biologically active hormones. 

The medium vAkh has an absence of hormones may be any suitable medium and 
indudes sofl or potting mix. 

20 A rootiiig hormone is a class of conqxwnds known as auxins vMicb include indoleacetic 
add (lAAX naphthaleneacetic acid (NAA) and indolebutyric acid (IB A). 

A dKX^ing honnone is a class of conqwunds kno^ as cytddnins whidi indudes 
synthetic sbootii^ hormoDcs such as 6-benzyIaminoporine (BAPX kinetin, zeatin, 2iP 
25 (Np (A^-isopentenyl>adenine irnnj^4-hydroxy-3HBediylbut-2-enyI) ammn purine. 

The inventors have determined diat callus cultures are particulariy suitable for 
regoieraticMi because greoi plantlets or pknts can be regenerated efiSdendy frcmi caUus. 
This is in contrast to the albino weak» ncm-viable plaats vMch have been reported m 
30 the prior art Thisaq)ectof die presem invention avoids die use of protoplasts or cell 
suspensions, and hence, genetically uniform cells can be used as a siarttfi g m^tm al In 
addition, this avoids die problem of using phyriologically fiagile and nutritionally 
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fostidious protoplasts or cell suqienaons of the prior art 
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Preferably the cells are from forage grasses, more prefoably from the genus Ltdium, 
most preferably ry^rass. 

5 

The plant celb mqr be uansfonned by ai^ appropriate metfaod. Most pi^rably the 
cells are txansfomied by Ifae nucroprqectile bmnbardment technique or a combinatioD 
of Has tedmique with Agrobacterium-modattad transfiaimation. 

10 Preferably, the transf(mned cdls are calhis cdls produced fiom mature and/or 
devdofNng embiyos. Prefinably die caUus is prepared from mature and/or developing 
embiyos obtained fiom seeds. More preferably die callus is grown on a calhis induction 
medium which is based on that of Murashige and Skoog (1962) but conlains 2.4-D m 
a range fiom about 1 to about 10 og^ and moie preferably about 5mg/L, L-asparagine 

15 at approximately ISO mg/L and thiamine Ha at qqxoximately 0.5 mg/L. 

PKfoably. the cells chosen for transfminaticm are die healthy ceUs on the calhis and diis 
is fedlitated by excision of die embryo and adjacent cells. Generally, the healthy ceUs 
are selected for transfimnation at an age of between about 1 to about 10 wedcs, more 
"20 pr^srably about 3 to about 6 weeks sudi as at about 4 weeks old fit>m cultures grown 
in die absence of li^ However, Ae present invention extends to cultures earlier dian 
3 weeks (e.g. 1 wedc) or older than 6 weeks (e.g. 10 weeks). 



Any suitable system may be used to identify die transformants. This may be done 
dirough a selection process by, for example, antibiotic or herbicide resistance selection 
or, alternatively, direct analysis of die DNA contained in putative transformants may be 
carried out The mediods used for direct DNA analysis will be known by dwse skiUed 
indieart Herbicide resistance selection includes but is not limited to die Bflr gene and 
die Basta selection system (Hoechst), die aroA gene or EPSP gene (dirough 
overproduction of die EPSP gene) and glyphosate or die ALS gene and chlorsuUuron. 



. wo 96/22015 



-11 - 



PCT/AUMm016 



In one particular embodiment, the regeneration medium contains a shootingrrooting 
hormone ratio of from about 1:0 to about 10:1 and is preferably about 2:1. For 
example, tbe medium may contain from about O.OS to 2.0 mg/L shooting hormone and 
5 from about zno to about 0.07S mg/L rooting hormone. 

In anodier example, the medium contains about 0.5 mg/L shooting hormoM and 0.025 
mg/L rooting hormone. An example of suitable shooting hormone is BAP and of a 
rooting hormcme is lAA. If only a shooting hormone is used» flien BAP at 
10 approximately 0.2 mg^ to approximately 4.0 mg/L and more pr^aably at about 2 
mg/L is qyptopriate. 

In addition to the above, die regeneration mcdhim prefierably also contains L-eaperagine 
at about SO to about 7S0 mg/L and tiiiamine HQ at about O.QS to tbaai 5 mg/L. 

15 

The shoots mqr be transfened direcdy to soQ or potting mix and gro^ under 
iq)propriate conditions. Preferably,thepIantletsaregrownatatempeiatureof about 15- 
30^ although 25^ is preferred and the cells are allowed to regenerate in light 

20 A particularly preferred aspect of die present invention contemplates a mediod of 
producing a transformed nKHiocot grass comprising bcHnbarding callus cells derived from 
a mature embryo of a monocot grass witii a miooprojectile containing a nuddc acid 
construct encoding a desired trait under die control of an a ppr opr iate promoter and 
carrying a sdectable marioer^ under a pp r op r i ate conditions to allow Iransfiirmation, 

25 optionally furtfaor subjecting cells to .^^groAacrmtiifMnediated transfer of a similar 
nucleic acid construct, selecting transf(mx»d cells on a selecticm medhmi under 
conditions and for a time suflBcient to permit regCTcration of plants from tiie transformed 
cells wherein said regeneraticm conditions comprise diooting hormcme and rooting 
hormone or ^looting hormone alone and tiien culturing the resultant shoots on a medium 

30 in the absence of biologically active hormones. 
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The above conditions lead to regeneration of green plantlets and plants with 
photosynthetic ability. 

5 The inventicm also extends to transgenic plants made by the methods desmbed above. 

The methods of the present invention pennit for the first time» the production of 
monocot grasses exhibiting altered characteristics such that the modified plants have 
desired properties. For example, tran^enic ryegrass can now be constructed having 

10 pollen with reduced allergenic properties. In this regard, antisense, cosuppresaon, 
riboqmies, regulatofy genes or other suitable means may be eiiq>loyed to reduce 
expression of allergenic proteins such as lo/pl, Lolplh LolpUl, LolplV, LolpV, LolpJX 
or£o4>^orisofi»rmsthaeo£ The present invention extends, therefore, in a particularly 
preferred embodiment* to pollen firom transgenic monocot grasses, such as ryegrass, 

IS exhibiting useful properties, such as exhibiting reduced allergenicity. 

Accordingly, another aspect of the present invention provides a seed or seeds or poUen 
fi?om a transgenic monocot grass wdierein said transgenic monocot grass exhibits at least 
one altered characteristic i^ien compared to a non-transgenic monocot grass of the same 
20 species. 

Preferably, ibc transgenic mcmocot grass exhibits altered biochemical or physiological 
properties, altered nutritional properties of the grass or seeds there of altered 
allogenicity of die grass or its seeds or pollen. 

25 

Preferably, the transgenic monocot grass exhibits at least one of the following 
characteristics: 

(a) resistance to plant pathogens; 
30 (b) improved nutritional value such as increased protein content or lower lipid 
content in grass seeds; 
(c) enhanced sulphur content; 
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(d) enhanced expression of proteinase inhibitors; 

(e) expression of pigment genes; 

(f) e}qnession of regulatory genes to control indigenous genes; and 

(g) reduction in levels of allergenic proteins. 

5 

Preferably, the seed or seeds or pollen iwfaich exhibits reduced aUeigmic properties. 

Preferably, flic seed or seeds or pollen i^ch exhibits reduced leveb of one or more of 
lo/pl. lolpVL, Lolpm, LolplS/, LohpV, LolpTX or LotpXL. 



10 
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PrcferaWy, the seed or seeds or pollen is from forage grass such as ryegrass. 

The invention will be further described vnHh reference to tiie following non-limitirig 
Figures and Examples. 

In the figures: 



Figure 1 is a photographic rqxresentation showing cell cultures and plantiets. Panel A 
shows embiyos on callus inducticm medium. Panel B shows cultured callus from 
20 embryos and shoot initiation on calhis. Panel C shows plantiets forming shoots; these 
plandets are derived from transformed callus cdls. Panel D shows a r^enerated plant 
derived from transformed callus. 



Figure 2 is a photogra|^c represemalion of DNA ^1 blot analysis of ryegrass 
25 transformants. Each lai^ ccmtains 20^g of total leaf DNA vidiich was digest^ 

fi»RI and Bflwm and hybridized to a ^PbbefledNptn Lanesland2 
c(Hitain digested DNA from non-transformed control plants. Lanes 3 to 9 contain DNA 
from transformed plants derived fixxm single callus. 
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EXAMPLE 1 
Embiyo production 

S Embryos from Lolium rigidum and or Lolium perenne seeds were used to induce callus. 
Mature seed is surfiu^ sterilized in 5% yfv hypochlorite and soaked from 8 hours to 48 
hours in sterile water. Mature embryos are dissected and placed on MS medium 
(Murashige and Sko(^ basal salt and minerals siqq[>lemem ¥^ ISOmg^, 
thiamine HCl 0.5 mg/L» Smg^ 2,4D^% w/v suonose and 0.8% wA^ agar at pHS.8) 

0 [Murasfaige and Skoog, 1962]. Potassium iodide may also be used at qiproxiinately 0.83 
mg^. Callus was initiated during a culture period of four weds in dark at ZS'^C. 
Embrycmic callus cultures were found to be ideal targets from mioDoprojectile^mediated 
transformation because regenerable cells are not excessively shidded» and can be 
arranged to occiqpy most of die target area. 

5 

EXAMPLE 2 

Regeneration of plants from competent ccUs after bombardment 

Compact embryonic callus is transferred to MS medium containing 2% w/v sucrose, 0.3 
[) mgf\ BAP, 0.025 mgfl lAA and 0.8% wAr agar at 25X in li^t Roots were 
regenoBted from shoots on MS medium with no hormones and containing 0.6% w/v 
agar. Figure 1 shows shoots r^enerated from callus of ryegrass. These shoots are 
green. 

S EXAMPLE 3 

An Effective microprojectae delivery system 

Microprojectile bombardment conditions were optimised on the basis of frequency of 
transient expression in callus tissues. Parameters like microprojectile velocity, multiple 
) bombardments and age and size of onbryogaiic callus were evaluated in order to 
achieve high eflSdoicy of transient esqnessing cells. Pressure used was 24 to 29 inches 
Hg, distance from stopping screen was 6-13 cm and nqiture disk strength was 1100 psi. 
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nie sliong moncot promoter pEmu, coupled to the GUS reporter gene (Last et td, 1991) 
was used to optimise bombardment conditions in transient assays. The GUS 
histochemical assay for caUus tissue is perfinmed according to Klein et al (1988). 

5 For stable transfonnation experiments two coostnicts were used: the piEmu promoter 
couple to the npt-H (neomycin phoq)hotransferase) gene in order to aUow selection on 
genetidn.kanamycin and neomycin and anther specific promoter Bgp 1 coiq>led to GUS 
in addition to the 35S promoter coupled to nptn. This plasmid also has the CaMv 35S 
promoter coupled to die npt-H (neomycin phoapfatransferase) gene in oider to aUow 
10 selection on an antibiotic. 



EXAMPLE 4 

Selection of stably transfonncd tisraeand rcgenerBtcd pIsBts 

15 The concentration of the antoTriotics,geoeticin. and kananqwaorequi^ 

growfli and to IdU control untransfiwoedcalhis was determined. There were found to 
beintfierangeofI5to50mg«.gBneticinandl5mg/Lto50mg^kanamycin. Plants 
woe r^enerated fiom the caUus lines which grown in die presence of a selection 
medium containing genetidn. Concentration of geoetidn was die amount required to 
killcomroI(untransfonned)tissueH»ltured. The regenerated shoots were again exposed 
to medium contaming geneticin and kanamydn. Surviving shoots were considered as 
die putative transformant shoots. 



20 



EXAMPLE 5 
25 Confirmation of stable 



30 



NPT-n ELISA assay: 

The quantity of NPT-H in tissue of transformants was be measured using an NPT-H 
EUSA assay kit (5 prime-3 prime Inc.) Leaf tissue of tnmsfoimed tissuoHaihure plants 

wasused. tissue fiomtrans&nnedtissue^uhurephmts showed significant increase 
of NPT-H levels over untransfimned control plants. 
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PCR analysis: 

The gemonic DNA firom leaf tissues of transformed plants were used firom RAPD PCR 
analysis. Npt-II gene coding region segment was chosen from PCR amplification. 
Transformed plants showed the presence of amplified band of DNA ^ch 
5 untransformed plants fiul to show corresponding DNA fingment 

Sontfacm analyBis: 

Integration of the introduced construct was also confirmed using soufliem analysis. 
Genomic DNA firom leaf tissue was esOract using a method by Dellaporta et al (1983). 

10 

Genomic DNA was digested with £coRI and/or Banim. The digested DNA resolved 
and was examined for completeness of digestion by electroph(»esis on a 0.7% wAr 
agarosegel. After transfening to a nylon membrane it was be probed with npt-H coding 
sequence labelled with ^^P. The memlxane was then analysed using autoradiogrq>hy. 
IS DNA firom transformed plants displ^ed hybridisation with a single ^^proximately 3.1- 
3.5 kb band vAaki no signal was obtained fircnn the DNA of untransfi»xned idants 
(Figure 2). 

EXAMPLE 6 

20 Baste nsistence sdectioii 

The construct pAHC25 ^^*ich encodes the bar gene conferring pho^hinottiricin 
resistance and GUS is used to bombard 4 wcdc old callus cells as desmbed above. The 
callus cells arc then selected on a suitable medium containing Basta (glufosinate 

25 ammonia) between 0.1 to 5.0 mg/L, preferably 0.5 to 5.0 mg/L and most preferably 1.0 
to 3.0 mg/L. The callus cells are transferred to firesh Basta containing medium at two 
weekintcrvalsoveraperiodof six weeks. Shoots arc regenerated on suitable medium 
without herbicide or suitable medium containfaig 1 mg/L Basta. Regenerated dioots are 
then exposed to Basta to confirm tolerance. Roots arc then regenerated from tfie shoots. 

30 Presence of the introduced DNA is then confirmed by Southern analysis. 
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Those skilled in the art will appreciate that the invention described herein is susceptible 
to variations and modifications otiier than those specifically described. It is to be 
understood that the invention includes all such variations and modificadons. The 
S invention also includes all of tiie steps, features, compositions and compounds tefencd 
to or indicated in tfiis specification, individually or coUectivdy^ and any and all 
combinations of any two or more of said steps or features. 
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CLAIMS: 

L A transgenic mcmocot grass exhilnting at least one altered characteristic vAim 
conqMoed to a non-transgemc mcmocot grass of the same specks. 

2* A tran^enic monocot grass exhiUting at least one altered diaractoistic vAun 
oompaied to a non-temsgenic mooocot grass of the same species vdwteiii said tran^enic 
monocot grass is regenerated fiom a callus iwfaerein ceUs of said callus are sulqected to 
microperticle bombardment and/or Agrobacierium-meJ&atad transfer of genetic material 
responsible for said altered characteristic. 

3. A transgenic monocot grass exhibiting at least one altered characteristic vAm 
compared to a mm-transgenic monocot grass of the same q)ecies vAerein said transgenic 
mcmocot grass is n^oerated fiom a callus iwhoein cells of saul calhis are subjected to 
mioxyparticde bombardment and/or Agrobacterium-mcJ&atod transfer of gcr^tic material 
reqxmsible finr said altered characteristic and vrfterein the callus is sutgected to genetic 
transformation and regeneraticm cm a solid supporL 

4. A transgenic moncxxit grass according to claim 1 or 2 c»r 3 exhibiting altered 
biochemical or i^ysiological properties, altered nutritional properties of ttie grass or 
seeds there of altered allergenidty of ibc grass cxr its seeds or pollen. 

5. A tran^enicmofxicot grass aoGOfdiQg to claim 1 or2OT3 cadubitingatleastone 
of die following characteristics: 

(a) resistance to plant pediogea^ 

(b) improved mitritional vahie sucdi as increased protein content or kywer lipid 
content in grass seeds; 

(c) enhanced sulphur ccmtent; 

(d) enhanced esqiression of proteinase inhilntor^ 

(e) txptesAon of pigment genes; 

(f) exjvession of regulatory genes to control indigenous genes; and 
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(g) reduction in levels of allergenic proteins in, for example, pollen. 



6. A transgenic monocot grass according to claim 1 or 2 or 3 ivbmin said grass is 
from a subfamily selected from Bambosoiikae, Amndinoideae, Chloridoideae, Pooideae 
and Panicoideae. 

7. A transgenic monocot grass according to claim 1 or 2 or 3 ^oein said grass is 
from the subfamily Pooideae. 

8. A transgenic forage grass exhibiting at least one atteied characteristic vfben 
compared to a non-transgenic fimige grass of the same spedes. 

9. A transgmic forage grass exhibiting at least one altered characteristic vAnen 
compared to a non-transgenic fimige grass of the same species wherein said tran^enic 
monocot grass is regenerated from a callus wdwdn cells of said callus are subjected to 
micropardcle bombardment and/or ii^roAoc/miim-niediated transfer of genetic material 
responsible for said altered characteristic. 

10. A tran^enic forage grass exhibiting at least one altered characteristic vfhta 
compared to a mm-transgenic forage grass of the same q)ecies i^vherein said transgenic 
forage grass is reg^ierated from a callus wherein cells of said callus are subjected to 
microparticle bombardment and/or j4^6ac/erfuin-mediated transfer of genetic material 
re^nsible for said altered characteristic and vslierein the callus is subjected to genetic 
transformation and regoieration on a solid siqjpcxrt 

11. A transgenic monocot grass according to claim 8 or 9 or 10 exhibiting altered 
biochemical or phyaological prqp^es, altered nutritional properties of the grass or 
seeds there of altered allergoiicity of the grass or its seeds or pollen. 
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12. A transgenic forage grass according to claim 8 or 9 or 10 exhilnting at least <mic 
of the following characteristics: 

(a) resistance to plant patfaogns; 

(b) improved nutritional vahie such as increased protein ccmtent or lown Iqrid 
content in grass seeds; 

(c) enhanced sulphur content; 

(d^ enhanced eaqnession of proteinase inhifaitofs; 

(e) oqxession of pigment genes; 

(f) esqxression of regulatoiy genes to cmitrol hufigen^ and 

(g) reducticm in levels of allergenic proteins in, fixr example, poUot 

13. A tran^nic forage grass according to dahn 8 or 9 w 10 wherein said forage 
grass is finom lo/ftM^ Agarapynm, PhaUais, Poa, Feouca, Dac^is. A!eopecwis and 
PMeum 

14. A transgenic forage grass according to claim 8 or 9 or 10 Vi/bcr&n said forage 
grass is from Lolium. 

15. Atran^enicry^rasscxhihitingatleastonealtetedcharacteristicvrf^ 
to a non-transgenic ryegrass. 

16. A transgenic ryegrass exhibiting at least one ahcied characteristic^^ 
to a non-transgenic ryegrass wherein said transgenic ryegrass is regenerated 

wherein cells of said caUus are subjected to microperticle bombardment and/or 
AgrobacteriunHaie^atad transfer of genetic material responsible for said altered 
charactoristic. 




to a non-transgenic ryegrass wherein said transgenic ryegrass is rpg^^ 

wherein cells of said callus are subjected to microparticle bombardment and/or 
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^groAac/enum-mediated transfer of genetic material responsible for said altered 
characteristic and herein the callus is subjected to genetic transformation and 
regeneration on a solid support 

18. A transgenic ryegrass according to claim IS or 16 or 17 exhibiting aheied 
Uochmical or physiological prcq)erties, ahmd nutritional properties of the grass or 
seeds there of altered allergenicity of the grass or its seeds or pollen. 

19. A transgenic ryegrass according to claim 15 or 16 or 17 exhibiting at least one 
of the following characterisdcs: 

(a) resistance to plant pathogens; 

(b) inqnoved nutritional value such as increased protein content or lower lipid 
ccmtent in grass seeds; 

(c) enhanced suljriiur amtent; 

(d) enhanced esqpressicm of proteinase inhiUtors; 

(e) e^q^ression of pigment genes; 

(Q expression of regulatory genes to control indigmous genes; and 
(g) reduction in levels of allergenic proteins in poUm. 

20. A tran^enic ryegrass according to claim IS or 16 or 17 producing pollen 
exhibiting substantially reduced levels of at least one allergenic protein. 

21. A transgenic ryegrass according to daim 20 wdierein Ae allergenic protein is 
selected frc»n Lolpl^ Lolpll, lo/pIII, LolpTV, LolpV, LolpIK or LolpXl. 

22. A method for producing a transgenic monocot grass, said method comprising 
deriving callus fi:om a monocot grass and subjecting same to microparticle bombardment 
and/or ^^aftac/entnit-mediated genetic transfer and then placing said callus under 
conditions sufficient to permit regmeration of said callus into plantlets. 
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23. A method for producing a transgenic monocot grass having at least one aheied 
diaracteristic compared to a non-transgenic monocot grass of the same ^lecies, said 
method comprising obtaining callus fiom a monocot grass on a solid sqyport, 
introducing into celb of sud caUus on said soUd siqypor^ 

ahered diaracteristic via miooparticle bomhaniment and/or Agrobacterium mediated 
transfer, subjectmg said callus to selection conditions and then subjecting calhis to 
regeneration conditions to fonn plantlets. 

24. A mediod aoccNxiing to daim 22 or 23 v/batin ifae monocot grass is fiom a 
sid>family selected fiom Bambosoideae, Arundinoideae, Chb^idoideae, Pooideae and 
Pmicoideae. 

25. A method according to daim 22 or 23 wherein tfie monocot grass is fiom the 
subfionily Pooideae. 

26. A method accordmg to claim 22 or 23 wbenin die monocot grass is ryegrass. 

27. A mediod according to claim 22 or 23 y/btmn Ae ahered characteristic 
exhibited is altaxd biochemical or jdqraological properties, altered nutriticmal {voperties 
of the grass or seeds diere of altered allergenidty of tfie grass or its seeds or pollen. 

28. A m^hod accordmg to claim 22 or 23 vfhemn the ahered characteristic is 
sdected fimn: 

(a) resistance to plant pathogens; 

(b) improved nutritional value such as increased protein content or lower lipid 
content in grass seeds; 

(c) enhanced sulphur content; 

(d) e nh a nc e d expression of protemase inhibitors; 

(e) esqiression of ingment genes; 

(f) expressionof regulatory genes to control indigenous gene^ and 
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29. A method of regenerating monocot grass i^ants from transfonned plant cdls, said 
method comprising contacting ceils on a solid support upoa which said cells are 
subjected to transformation means on a medium and under qipcopriate conditions and 
time wherein said medium ccmtains shooting and rooting hormones and then culturing 
the resultant shoots on a medhmi m the absence of biologically active hormones. 

30. A method according to daim 29 v/beraa the monooot grass is sdected from 
LoUum. Agaropyron. Phalaris, Poa. Festuea, Dactylis, Aleapecuris and Pfdeum. 



31. 



A method according to claim 29 v/benm said monocot grass is from Loliwn. 



32. A method of producing a transfonned monocot grass conqwisingbombaiding 
callus cells derived from a mature embiyo of a monocot grass with a microprojectile 
containing a nucleic acid construct encoding a desired trait under the control of an 

appropriate promoter and carrying a selectable marker, under appropriate conditions to 
allow transformation. optionaUy further subjecting ceUs to ^^ro^oc/muw-mediated 
transfer of a simflar nucleic acid construct, selecting transfoimed cells on a selection 
medium under conditioos and fixr a time sufiBcient to pamit regeneration of plants from 

the transformed cells wherein said regeneration conditions comprise rooting honnone and 
^looting hormone and then culturing the resultant shoots on a medium in the absence 
of InologicaUy active homuMies. 

33. A method according to claim 32 wherein the monocot grass is selected from 
Lolium. Agaropyron, Phalaris. Poa, Festuea. Dactylis, Aleopeairis and Phleum. 

34. A method according to claim 32 wherein said monocot grass is from Lolium. 

35. A seed or seeds or poUen from a transgenic monooot grass wherein said 

tamsgenic monocot grass exhibits at least one ahenxi characteristic when compared ^ 
a ncm-tran^enic monocot grass of the same q)ecaes. 
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36. A seed or SMds or poHen according to claim 35 wherein the tr^^ 

grass exhibits altered biochemical or physiological properties, altered nutritioDal 
properties of the grass or seeds there of altered allagenidty of the grass or its seeds or 
pollen. 

37. A seed or seeds or poUen according to daim 36 wherein the transgenic monocot 
grass exhibits at least one of the following chatactaistics: 

(a) resistance to plant pathogens; 

(b) improved nutritional value such as increased protein content or lower Upid 
ccmtent in grass seed^ 

(c) enhanced sulphur contend 

(d) enh a n ced esipression of proteinase inhibitors; 
(c) expression of pigment genes; 

(f) expression of regulatory genes to control indigenous genes; and 
(si) reduction in levels of aUeigenic proteins. 

38. A seed or seeds or pollen according to clann 37 which exhibits reduced allergenic 
properties. 

39. A seed or seeds or pollen according to claim 37 which exhibits reduced levds 
of one or more of XoH LolpU, Z^m, LofyW, LolpW, IcrfpIX or LolpXl, 

40. A seed or seeds or pollen according to claim 39 wherein the monocot grass is 
ryegrass. 
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